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COMPLETE SPECIFICATION 

Method of Preparing ^-Caprolactone and Derivatives thereof 
Free of Explosive Peroxides 



We, Chisso Corporation, of No. 1 
Sozecho Kitaku Osaka, Japan, a Japanese 
body corporate, do hereby declare the inven- 
tion, for^hicii we~pray^Kat"T"pa^ 
5 granted to us,, and the method by which it 
IS to be performed, to be particularly des- 
cribed, in and by the following statement: — 
The present invention relates to a method 
of preparing ^-caprolactone and derivatives 
10 thereof, such as oligomers and polyesters, free 
of explosive peroxides. Specifically, the in- 
vention consists broadly in a process in 
which derivatives of e-caprolactone containing . 
explosive peroxides are treated with an 
aqueous acid solution containing at least 1 
gram ion of cuprous or ferrous ions for each 
mole of peroxide linkage, so as to hydrolyse 
the said peroxides. The term "derivatives of 
^-caprolactone" is here defined to mean linear 
and/or cyclic oligomeric esters and/or linear, 
higher polyesters from the bifunctional esteri- 
fication of €-hydroxy-caproic add. The deri- 
vatives moreover, may also contain c-capro- 
lactone itseif and/or e-hydroxy-caproic acid. 

Preferably the said derivatives of €-capro- 
lactone are obtained by the oxidation of cyclo- 
hexanone or cyclohexanol widi hydrogen per- 
oxide, oxygen or an oxygen-containing gas. 
The resulting oxidation products may then 
be treated under add conditions with, for ex- 
ample, an organic or inorganic mineral acid 
or anhydride. 

The method of preparing €-caprolactone 
and. derivatives thereof by die oxidation of 
cydohexanone or cyclohexanol is well known. 
For example, in Japanese Patent Publica- 
tions Nos. 735/66 and 736/66 there are des- 
cribed methods for treating hydroperoxides, 
which are the oxidation products derived 
from the reaction of cyclohexanol with hydro- 
gen peroxide, with inorganic or organic acids 
to obtain e-caprolactone or derivatives there- 
of. 
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' However, these methods of producing the 
derivatives of e-caprolactone also, produce 
large quantities of expl osive peroxid es and it 
Is therefore extremely dangerous to attempt to 
isolate e-caprolactone from the reaction pro- 
duct by heating or by reacting the deriva- 
tives with aqueous ammonia to form e-capro- 
lactam, as high temperatures are required. 

It has been found that e-caprolactone and 
derivatives thereof together with explosive 
peroxides are formed in the following cases. 

The reaction scheme-in some cases is shown 
as follows: 
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(a) The hydroperoxide obtained by the re- 
action of equimolar amounts of cydohexa- 
none and aqueous hydrogen peroxide in the 
presence of a mineral add catalyst at room 
temperature or an elevated temperature was 
1 - hydroxy - 1' - hydroperoxy dicydohexyl 
peroxide (C) which was formed directly frora 
1 - hydroxy - 1 - hydroperoxy cyclohexane 
(A) or by way of 1, 1' - dihydroxy - dicydo - 
hexyl peroxide (B). 
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The treatniem of one mole of hydroper- 
oxide (C) with an organic or inorganic acid, 
such as acetic acid, preferably at an elevated 
temperature, gave about one mole of cyclo- 
5 hexanone and less than one mole of €-capro- ; 
lactone derivatives. . 

(b) The hydroperoxide (C): was reacted with 
equimolar amounts of cyclohexanone to form 
a mixture containing peroxide (D),^ which, 

10 on heating in the presence of an acid, gave 
one mole of c\*clohexanone and less than two 
moles of tc-caprolactone derivatives. 

(c) The hydroperoxide (A) obtained from 
the oxidation of cyclohexanol by oxygen in 

15 the presence of a radical initiator such as a 
. peroxide, was treated with an inorganic or 
organic acid or acetic anhvdride at an eleva- 
ted temperature to give mainly e-caprolactonc 
derivatives. . . 

20 (d) The ueatment of a mixture containing 
mainlv peroxide (B) obtained from one mole 
of hydroperoxide (A) and an equimolar 
amount of cyclohexanone in accordance with 
the above-mentioned method (c) gave one 

25 mole of cyclohexanone and less than one mole 
of e-capr'olactone derivatives. 

(e) When cj'clohexanone was oxidized with 
aqueous hydrogen peroxide under alkaline 
conditions, an oily or solid product contain- 

30 ing mainly e-caprolactone derivatives was ob- 
tained. 

The oily or solid products comprising 
caprolactone derivatives obtained in the 
above-mentioned cases contained considerable 

35 amounts of peroxides, in some cases more 
than several percent thereof, which would 
not oxidize potassium iodide at room tem- 
perature and could not be easily decomposed 
by a reducing agent such as sodium hydrogen 

40 sulfite, especially in the presence of oxygen 
and under alkaline conditions at room tem- 
perature. 

Examples of the explosive peroxides pre- 
sent in the derivatives of e-caproIactonc so 
45 prepared are believed to be: 
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tr-caprolactone derivatives containing such 
peroxides are liable to explode, depending 
upon the amount of explosive peroxides. 
50 Cuprous ions and ferrous ions can be used 
not only in the form of an inorganic acid salt 
but also in any other form which will pro- 
duce the metal ions.. However the sulphate 



and chloride are especially preferable. 

The chloride is particularly preferred be- 55 
cause of its high solubility. 

When an aqueous hydrochloric acid solu- 
tion containing cuprous chloride is used, a 
further addition of a salt such^ as sodium _ 
chloride or potassium chloride gives an im- 60 
proved result because of the increased solu- 
bility of cuprous chloride. 

The addition of substances to increase the 
solubilitv of the cuprous or ferrous ions in 
the treating solution of this invention is pre-. 65 
ferable and accordingly is included in the 
scope of the present invention. 

Acids applicable in the present invention 
have no particular limitation unless any spar- 
inglv soluble salt is formed in the process of 70 
the invention. Exemplary acids are morgamc 
acids such as hvdrochloric acid, sulfuric acid 
or sulfurous acid and organic acids such as 
acetic acid. " v 

The amounts of the cuprous or ferrous ions 75 
to be included in the aqueous acid solution 
are preferably more than equimolar amounts 
relative to the peroxides contained in e-capro- 
lactone derivatives. \ . 

The concentration of the metallic ion in 80 
the aqueous acid solution has no particular 
limitation. ' . 

The aciditv of the aqueous solution may be 
of anv pH whicTi is sufficient for hydrolysis of 
peroxides to hydroperoxides, generally a pH 85 
less than 2, preferably less than 1, is used. 

In the treatment of t-caprolactone deriva- 
tives with the above-mentioned aqueous acid 
solution in the present method, they may be 
simply mixed with the solution and allowed 90 
to stand. . 

The reaction temperature has no panicu- 
lar limitation. The complete decomposition of 
the peroxides occurs in eight hours at room 
temperature, but a suitably elevated tempera- 95 
ture promotes the hydrolysis of peroxides and 
the decomposition is complete within several 

minutes. ^ - i_ l 

When the reaction is performed with heat- 
ine, the temperature is preferably between lOQ 
400 C— 80*= C to avoid boiling the water. 

According to the method of the present 
invention, peroxides are hydrolysed to hydro- 
peroxides, which decompose rapidly to form 
a stable compound. Thus the danger of ex- 105 
plosion is completely absent in the present 
method. • .• , • . 

p-Caprolaaone derivatives thus obtained can 
be safelv heated in the presence of sodiuni 
hydroxide at an elevated temperature of 110 
about 210^ — 320° C followed by distillation 
at reduced pressure to recover ^-caprolactone. 
Also, the reaction with ammonia water at a 
high temperature can yield safely e-caprolac- 
^am. ^ 

The invention will be funher described by 
the following Examples. 
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Example 1.- 
50 g of q^clohexanone and 110 g of 30% 
aqueous hydrogen peroxide were added drop- 
wise with stirring at 50 — 55° C to carry out 
5 the oxidation. After the addition, the solution 
was kept at this temperature for four hours. 

After cooHng the reaction mixture, it was 
extracted with ether and 5.5 g of unreaaed 
cyclohexanone were recov^ed. - . 
10 The water layer was then neutralized with 
hydrochloric acid and was added to a solu- 
tion comprising 5 g of cuprous chloride, 20 g 
of sodium chloride and some quantities of 
6N aqueous hydrochloric acid. 
15 The mixture was allowed to stand for an 
. hour and complete decomposition of the per- 
oxides took place. . 

. The resultant oily product was extracted 
with ether, washed with water and concen- 
20 trated. After removing the solvent, 0.5 g of 
: sodium hydroxide was added and the mixture 
was i ntroduced into z .distillation apparatus. 
. After heating for three hours at 280° C on 
an oil bath, the product was distilled in 'mmo 
25 at 20 mm Hg and at further reduced pres- 
sure. 41 g of e-caprolactone having a boiling 
point of 78 — 82° C/3mm Hg were safely 
obtained (yield 70.6%), , 

"Example 2, . 
30 When 49 g of cyclohexanone and 57 g of 
aqueous hydrogen peroxide (30%) were 
mixed in the presence of 1 ml. of cone, hydro- 
. chloric add, the mixture became slightly 
warm. After allowing the mixture to stand 
. 35. for six hours followed by cooling 63.5 g of 
crystalline hydroperoxide were obtained (yield 
96%, m.p. 65—82° C). 49.2 g of this solid 
. were dissolved in 46 g of acetic anhydride and 
200 cc. of benzene were added. The mixture 
40 was refluxed for eight hours on water bath. 
/ It was then introduced into a solution com- 
prising 5 g of cuprous chloride, 10 g of 
sodium chloride and .100 cc of 2N hydro- 
. chloric acid. . 
45 After standing over night, the mixture was 
heated for two hours and separated into 
organic and water layers, and the latter was 
extracted with ether. The combined ether 
extract and organic layer was concentrated by 
50 evaporation with heating. 

. A part of the combined liquid was heated 
with potassium iodide containing hydrochloric 
acid, but it did not liberate iodine. 

After the concenuation of the solution, 
55 0.5 g of sodium hydroxide was added to the 
concentrate and the mixture was introduced 
. into a distillation apparatus. 

Heating for three hours at 260—330° C 
followed by distillation m vacus> at 20 mm Hg 
60 gave safely 18.0 g of cyclohexanone and 18.4 
g of €-caprolactone. 

According to the assumption that" one mole 
of hydroperoxide gives one mole of cyclo- 



hexanone and one mole of c-caprolactone, the 
yields are 92% and 80.5%, respectively. 65 

Hydrolytic decomposition of peroxide-con- 
taining liquid (from the treatment of the 
hydroperoxide with acetic anhydride and 
benzene) obtained in the same way as in Ex- 
ample 2 was carried out using ferrous ions. 70 
The peroxide-containing . liquid was added 
to a mixture of 5 g of ferrous sulfate and 
100 cc of 2N sulfuric acid. After standing, 
the mixture was heated for 2 hours. In the 
KI test thereto, iodine was not liberated. The 75 
same separation, concentration and distilla- 
tion steps as in Example. 2 were carried 
out. The distillate was safely obtained. Yield 
of e-caprolactone was 75%. When an 
aqueous neutral solution of ferrous sulfate 80 
was used, complete decomposition of the per- 
. oxide was not observed at room tempera- 
ture, even after standing of seven days. 

Example 3. 

24;6 g of the^hydroperoxide obtdne^ fro^ 85 
Example 2, 9.8 g of cyclohexanone and three 
drops of cone. hydrocJiloric acid were mixed 
and warmed until the solid dissolved and . 
then allowed to stand all night, which gave 
colourless crystals; again. 18,9 g of these cry- 90 
stals, 12 g of acetic anhydride and 50 cc of 
benzene were m'ixed and refluxed for 10 
hours on a water bath. The reaction pro- 
duct was added to a. solution comprising 5g 
of cuprous chloride, 10 g of sodituri chloride 95 
and 100 cc of 2N hydrochloric acid, and the 
mixture was allowed to sund all night and 
then refluxed for 2 hoiirs. A part of the solu- 
tion was warmed in a solution of potassium 
iodide containing hydrochloric add but did 100 
not liberate iodine. After the separation of 
the organic layer and water layer, the former 
was washed with water to remove copper 
ions and the latter was extracted with ether 
and the extract was washed by water. The 105 
combined ether extract and organic liquid 
was concentrated. 0,2 g of sodium hydroxide ! 
was added to the ' concentrated liquid, which 
mixture was heated to 260° to 320° C and 
distilled in vacuo at 20 mm Hg until the 110 
distillation ceased. . As a result 5.0 g. of 
cyclohexanone and 8.2 g of «-caprolactone 
were safetly obtained. . .. 

According to the assumption that one 
mole of hydroperoxide gives one mole of 115 
cyclohexanone and two moles of e-caprolac- 
tone, the yields were 93% and 66%, respec- 
tively. 

Example 4 

e-Caprolactone derivatives containing per- 120 
oxides were obtained under the same condi- 
tions as in Example 3. The reaction product 
was added to a solution consisting of 1 g 
of cuprous chloride, 1 g of sodium chloride, 
5 g of sodium hydrogen sulfite and 100 cc of 125 
2N hydrochloride acid. After standing over 



nights the solution did not liberate any more 
iodine. Using only sodium hydrogen sulfite to 
decompose the peroxides (i.e. without any 
cuprous chloride) decomposition occurred to a 
5 small extent but was not complete even when 
the reaction mixture was left over night. The 
product was then treated as in Example 3, 
8.0 g of caprolactone were safely obtained. 

Example 5. 

10 240 g of cyclohexanol and 1.01 g of methyl 
ethyl ketone' peroxide were introduced into 
three-necked flask and heated to 98° C in 
the presence of oxygen. The mixture was oxi- 
^ dised with stirring by the slotw addition of 

15 molecular oxj'gen. 

The products were removed after 16 hours 
and a quantitative estimation of hydroper- 
oxides showed 0.216 mole of hydroperoxides 
e.g. 1 - hydroxy - 1' - hydroperoxy - cyclo - 

20 hexane. After 0.19 mole of the peroxide and 
24 g of acetic acid were mixed and warmed 
at 80^ C for 40 hours, the producr was in- 
troduced into the solution containing 5 g 
of cuprous chloride/ 10 g of sodium chloride 

25 and 100 cc of 2N hydrochloric acid and 
heated at 80° C for 2 hours. ^ 

The organic layer was separated, and the 
water layer was extracted with ether. . 
G.2 g of sodium hydroxide was added 

30 into the combined organic layer and ether 
extract, and the mixture was introduced into 

: the distillation flask. After water, acetic acid 
and cyclohexanol were removed at atmospheric 
pressure, the whole was heated to between 

35 260° C and 320° G and then distilled at 
20 mm Hg until the distillation ceased. 0.09 
mole of €-caprolactone (10.3 g) was safely 
. obtained (yield 42.5%). / ^ ^ 

A product was prepared as above by the 

40 reaction of a solution containing 1, 1'- di - 
: hydroxy - dicyclohexyl peroxide and 18,5 
g of cyclohexanone. This product was treated 
as above to give e-caprolactone in good yield 
safely (74%). 



caprolaaone (as hereinbefore defined) con- 
taining explosive peroxides are treated with 
an aqueous acid solution containing at least 
1 gm of cuprous or ferrous ions for each 50 
mole of peroxide linkage so as to hydrolyse 
the said peroxides. , . - . 

2. A process according to claun 1, m 
which said derivatives also contain e-capro- 
lactone and/or e-hydroxy-caproic add. 55 

3. A process according to any preceding 
claim, in which the said derivatives are ob- 
tained by a method which comprises the oxi- 
dation of cyclohexanone or cyclohexanol with 
hydrogen peroxide, oxygen or an oxygen-con- 60 

taining gas. , , . , • u 

4. A process according to claim 3 in wnicn 
the products of oxidation of cyclohexanone or 
cyclohexanol are additionally treated with an ^ 
organic or inorganic mineral acid. 

5. A process according to any one of 
claims 1 to 4, in which the said cuprous ions 
are obtained from cuprous chloride. 

6. A method according to any one of claims 

1 to 4, in which said ferrous ions are ob- 70 
tained from ferrous sulphate. 

7 A process according to any preceding 
claim, in which, after said explosive peroxides 
have been hydrolysed, said derivatives of e- 
caprolactone are distilled to produce €-capro- 
lactone. - . ' , 

8. A process according to claim 1, sud- 
stantially as hereinbefore described with re- 
ference to any of the foregoing Examples. _ 

9. A process according to claim 7, substan- w 
tially as hereinbefore described with refer- 
ence to any of the foregoing Examples. 

10. Derivatives of c-caprolactone when 
treated by the process of any one of claims 1 

to 6 or 8. ,\ t. 

11. e-Caprolactone when prepared by the 
process of claim 7 or claim 9. 
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WHAT WE CLAIM IS:— / 
1. A process in whic h derivatives of 



MARKS & CLERK, 
Chartered Patent Agents, 
Agents for the Applicant(s). 
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